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ABSTRACT

Eudimorphodon ranzii was the first Triassic pterosaur to be described and several specimens have been
referred to this taxon mainly based on the presence of multicuspid teeth. Since this dental feature has
been observed in several other pterosaurs, the revision of some specimens assigned to Eudimorphodon
shows that they represent new taxa as follows: Arcticodactylus cromptonellus (comb. nov.), Austriadraco
dallavecchiai (gen. et sp. nov.) and Bergamodactylus wildi (gen. et sp. nov.). A preliminary anaysis of
pterosaur ontogeny resulted in the recognition of six distinct ontogenetic stages (OS1-6). According to
this classification, the holotype of Arcticodactylus cromptonellus has reached OS2, and although being
ontogenetically much younger than others, the conspicuous anatomical differences lead to its exclusion
from Eudimorphodon. The holotypes of Austriadraco dallavecchiai, Bergamodactylus wildi and
Carniadactylus rosenfeldi have reached at least OS5, which demonstrates that the anatomical differences
among them cannot be explained by ontogeny. Moreover, Bergamodactylus wildi reaches about 60% of the
maximized wingspan of Carniadactylus rosenfeldi and further concurs that these specimens collected in
distinct Triassic Islands of Europe are not conspecific. The present study increases the diversity of Triassic
flying reptiles and further pushes the origins of this clade back to at least the Middle Triassic.

Key words: Pterosauria, Ontogeny, Eudimorphodon, Arcticodactylus, Austriadraco, Bergamodactylus.

INTRODUCTION

The pterosaur record from Triassic depositsisrather
limited (Barrett et al. 2008), athough the number
of new specimens has increased throughout the
years (Dalla Vecchia 2014). Since the description
of Eudimorphodon ranzii from the late Norian
deposits of Italy (Zambelli 1973), more material
has been found, for al in Europe (e.g., Wild 1978,
DallaVecchia 20033, b, 2014).

E-mail: kellner@mn.ufrj.br

Being the first Triassic pterosaur named,
Eudimorphodon ranzii shows a very distinctive
dentition formed by several multicuspid teeth, a
feature regarded as diagnostic of the genus (Wild
1978, Dalla Vecchia 2003a). Consequently, most
specimens with similar dentition were either
referred to Eudimorphodon ranzii (e.9., Wild 1978,
1994), including a partial skeleton recovered from
the Seefeld Formation of Austria(Wellnhofer 2003),
or to the genus as happened with *Eudimorphodon
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rosenfeldi from the Dolomia di Forni Formation of
Italy (Dalla Vecchia 1995) and "Eudimorphodon’
cromptonellus from the Fleming Fjord Formation
of Greenland (Jenkins et a. 2001).

In a cladistic analysis addressing the ingroup
relationships of the Pterosauria, which included
the main representatives of non-pterodactyloid and
pterodactyloid taxa known at that time, Kellner
(2001, 2003) pointed out that not all specimens
referred to Eudimorphodon ranzii might belong
to this species, which he restricted to the holotype
(MCSNB 2888). Kellner (2003) also observed
that the multicuspid dentition was not exclusive
of Eudimorphodon, being also present in at least
some teeth of Peteinosaurus zambellii. This author
further pointed out several anatomical differences
between the Milano specimen (MPUM 6009)
and the holotype of Eudimorphodon ranzii and
argued that " Eudimorphodon’” rosenfeldi should be
classified in a new genus. This clearly indicated
that Eudimorphodon has become a wastebasket for
several pterosaur species.

Reviewing the record of Triassic flying
reptiles, Dalla-Vecchia (2003b) retained the
Milano specimen (MPUM 6009) in the genus
Eudimorphodon but suggested that it might
belong to a distinct species. Dalla Vecchia
(2003b) also pointed out that the Austrian material
regarded by Wellnhofer (2003) as Eudimorphodon
cf. Eudimorphodon ranzii was not conspecific
with Eudimorphodon ranzii. Lastly, this author
mentioned that the synonymy of Eudimorphodon
cromptonellus and  Eudimorphodon  ranzii
could not be excluded. Later, Dalla Vecchia
(2009) erected the genus Carniadactylus for
“Eudimorphodon” rosenfeldi and referred the
Milano specimen (MPUM 6009) to this species.

In the present paper I briefly review the species
and some specimens assigned to Eudimorphodon
ranzii. | show that “Eudimorphodon’ cromptonellus
lacks any synapomorphy of Eudimorphodon
and redlocate this species into a new genus,
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Arcticodactylus gen. nov. The same is true for the
Austrian” Eudimorphodon " for which| proposeanew
genusand species, Austriadraco dallavecchiai gen. et
sp. nov. | aso question the assignment of the Milano
specimen (MPUM 6009) to either, Eudimorphodon
ranzii and Carniadactylus rosenfeldi, and argue
that it represents a new campylognathoidid Triassic
taxon, Bergamodactylus wildi gen. et sp. nov. Lastly,
| provide some discussion about the problematic
regarding pterosaur ontogeny, suggesting a
preliminary classification that might help distinguish
different ontogenetic stages within this clade of
flying reptiles.

Anatomical abbreviations; ang - angular, aof
- antorbital fenestra, art - articular, cor - coracoid,
d - dentary, exmf - external mandibular fenestra, f
- frontal, fe - femur, fo - foramen, fopn - foramen
pneumaticum, hu - humerus, j - jugdl, | - left, la -
lacrimal, Itf - lower temporal fenestra, m - maxilla,
maxws - maximized wingspan, mclV - metacarpal
IV, n - nasal, nar - external naris, or - orbit, p -
parietal, ph1d4 - first phalanx of manual digit IV,
ph2d4 - second phalanx of manual digit 1V, ph3d4
- third phalanx of manual digit IV, pm - premaxilla,
po - postorbital, g - quadrate, gj - quadratojugal,
r - right, rapr - retroarticular process, ri - rib, san -
surangular, sandp - surangular dorsal process, sca
- scapula, sq - squamosal, st - sternum, ti - tibia, ul
- ulna, utf - upper temporal fenestra.

Institutional abbreviations. BSP - Bayerische
Staatssammlung fur Pal&ontologie und historische
Geologie, Munich, Germany; MCSNB - Museo
Civico di Scienze Naturali di Bergamo, Bergamo,
Italy; MFSN - Museo Friulano di Storia Naturale,
Udine, Italy; MGUH - Geological Museum of
Copenhagen, University of Copenhagen, Denmark;
MPUM - Museo di Paleontologiadell”Universitadi
Milano, Milano, Italy; SMNS - Staatliches Museum
flr Naturkunde, Stuttgart, Germany.

The ZooBank Life Science Identifier (LSID) of this
publication is: urn:lsid:zoobank.org:pub:A48E1B7C-
1EEE-4AB2-A6BE-CC3D2DCCAEFR
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SYSTEMATIC PALEONTOLOGY

Pterosauria Kaup 1834
Family indet.

Arcticodactylus gen. nov.

ZooBank Life Science Identifier (LSID) -
urn:Isid:zoobank.org:act: 72AE012A-018A-4B4B-
950F-3CCB4C1D2471

Etymology: In dluson to Arctic, the most northern
region of the planet, and dactylus, from the Greek
meaning finger, a common epithet for pterosaur species.

Typespecies. Eudimorphodon cromptonellus Jenkins,
Shubin, Gatesy and Padian, 2001, by monotypy.

Diagnosis. asfor the species.
Arcticodactylus cromptonellus comb. nov.

Eudimorphodon cromptonellus Jenkins, Shubin,
Gatesy and Padian, 2001

Holotype: Incomplete skeleton housed in the
Geological Museum of Copenhagen, University
of Copenhagen, Denmark (MGUH VP 3393, Fig.
1, Tabs. I, I1).

Locality and horizon: Southern flank of Macknight
Bjerg, Jamerson Land, East Greenland; lower
part of the Carlsberg Fjord beds of the @rsted Dal
Member of the Fleming Fjord Formation, Scoresby
Lang Group, Late Triassic (?Norian - Rhaetian,
Jenkins et a. 2001).

Revised diagnosis: Thisspeciesshowsthefollowing
autapomorphies: 11-12 maxillary multicuspid teeth;
distal articulation surface of wing metacarpal 1V
bicondylar, femur only dightly smaller than tibia
(fefti ~0.96); scapula much longer than coracoid
(scalcor ~ 1.93); humerus only dlightly smaller than
femur (hu/fe - 0.92) and ulna (hu/ul ~ 0.91); femur
slightly larger than first wing phalanx (ph1d4/fe ~
0.91); and elongated metatarsal 111 (mt3/ti 0.56).

It can befurther separated from some other non-
pterodactyloids by the lack of the fang-like teeth in
the middle part of the lower jaw and the triangular
shape of the deltopectoral crest of the humerus.

Remarks: The specimen MGUH VP 3393 consists
of one of the smallest pterosaurs recovered so
far, particularly from Triassic strata. Jenkins et
al. (2001) erected a new species to this material
referring it to the genus Eudimorphodon mainly
dueto the presence of multicuspid teeth. AsKellner
(2003) pointed out, the presence of multicuspid
teeth is not exclusive of Eudimorphodon, which
has been emphasized in recent years due to new
findings (e.g., see review in Dalla Vecchia 2014).
Furthermore, the humerus of the Arctic species
has a triangular deltopectoral crest that differs
from the subrectangular condition observed in
the Triassic campylognathoidids Eudimorphodon
ranzii, Carniadactylus and Bergamodactylus.

Another bone of MGUH VP 3393 that shows
a very distinct morphology is the quadrate (oddly
about the same length of the bone identified as the
coracoid). Jenkins et al. (2001) only mentioned that
this bone has a bulbous articular condyle. In the
illustration provided (Jenkins et al. 2001, fig. 2), the
quadrate shaft is unusually broad, differing from all
pterosaur quadrates known to me, yet showing a
morphology very similar to some Triassic pterosaur
coracoids (see Dalla Vecchia 2009, fig. 3). In
addition, Jenkins et al. (2001, fig. 5) pointed out
that the distal articulation of the wing metacarpal is
formed by rounded condyles separated by a strong
groove, calling it bicondylar. If theseinterpretations
are correct, both the shapes of the quadrate and the
wing metacarpal of this Arctic species are unique
within Pterosauria and deserve further studies.

Inthelastreview of Eudimorphodon ranzii (and
other Triassic pterosaur material), Dalla Vecchia
(2014) presented several features that diagnose
this monotypic genus. Unfortunately, most of them
cannot be evaluated in the Arctic species due to
lack of preservation. The few characters that can
be compared such as the presence of fang-like teeth
in the middle portion of the dentition, teeth on the
pterygoids and enamel of several teeth striated, are
not present in MGUH VP 3393.

An Acad Bras Cienc (2015) 87 (2)
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Fig. 1 - Arcticodactylus cromptonellus (MGUH VP 3393). (a) Preserved portion of the skull. (b) Reconstruction of the right
maxilla. (c) Region showing the scapula and purported coracoid and quadrate. See text for abbreviations. Scale bar: 5 mm.

Inaddition, theproportionsof several el ementsof an elongated metatarsal 111, suggesting that this
‘Eudimorphodon’ cromptonellus are quite different  animal had short wings and large feet (Jenkins
from those of Eudimorphodon ranzii and severd et a. 2001). MGUH VP 3393 also has fewer
other Triassic taxa. These include a comparatively ~ maxillary teeth than all other Triassic pterosaursfor
small humerus, ulna and first wing phalanx, and ~ which the dentition could be reconstructed. These

An Acad Bras Cienc (2015) 87 (2)
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TABLE |
M easurements (in mm) of postcranial elements of some Triassic pterosaur species, based on published information
or taken by the author (AWAK). Some lengths are estimated (~) and in one case the bone should belonger (+). Some
published estimated lengths of very incomplete elementswere not considered. See text for abbreviations.

673

Bones/Taxa sca hu ul mclV phld4 ph2d4 ph3d4 fe ti Author
Arcticodactylus .
cromptonellus 126 65+ 182 201 84 ~18 205 205~ 197 ~205 Je”é‘z'ggg a.
MGUH VP 3393
Austriadraco
dallavecchiai  ~295 182 o0 EB . . 59 - - . 577 (2<\)/g:esl)| e
BSP 1994 | 51
Eudimorphodon
ranzii 47 65 29 - - - 41 - Wild (1978)
MCSNB 2888
Carniadactylus )
rosenfeldi 25 ~42 ~55 21 645 582 632 ~37 o542 Da 'ég’oeg)cr“a
MFSN 1797
Bergamodactylus .
wildi ~155 263 3 105 375 ~33 362 185 (2Doa(|)|96)l \//Z?/Cvmi
MPUM 6009
TABLE I
Ratios of long bone lengths of some Triassic pterosaur s based on the measurements
presented in Tablel. Someratios are estimated (~). Seetext for abbreviations.
sca/ hu/ hu/ hu/ ul/ ul/  phld4/ ph2d4/ ph3d4/ ph3d4/
BonesTaxa ‘o0 | mcV phldd mclV phld4 mclV phld4 phldd phada  Author
Arcticodactylus .
cromptonellus 193~ 091 217 ~101 239 112 ~214 -~114 ~114 ~1.00 Je”é‘z'ggf)t d.
MGUH VP 3393
Austriadraco Wellnhofer
dallavecchiai 162 - - 0.74 (r) - - - - - - (2003) /
BSP 1994 | 51 AWAK
Eudimorphodon
ranzii - 0.72 1.62 - 2.24 - - - - - Wild (1978)
MCSNB 2888
Carniadactylus .
rosenfeldi - 076 193 065 262 08 305 091 098  1.09 Da”(g(\)ge;ch'a
MFSN 1797
Bergamodactylus DallaVecchia
wildi - 0.73 2.50 0.70 343 0.96 357 0.88 ~0.96 ~1.10 (2009) /
MPUM 6009 AWAK
phld4/ phid4/  hu/ hu/ ul/ ul/ fel fel ti/
Bones/Taxa fe ti fe ti fe ti ti mclV ~ mclV Author
Arcticodactylus .
cromptonellus 091 -08 092 ~089 102 ~098 -096 -~235 -~244 Je”é'ggle; a.
MGUH VP 3393
Austriadraco
dallavecchiai - 0.92 - 8(638 8 - - } ) (22'%2)' ?T\IVeAK
BSP 1994 | 51 ’
Eudimorphodon ranzii )
MCSNB 28388 - - 114 - 1.58 - - 141 - Wild (1978)
Carniadactylus )
rosenfeldi 173 118 113 077 149 102 068 176 258 Da”(g(\)geg)d“a
MFSN 1797
Bergamodactylus wildi ) ) ) ) DallaVecchia
MPUM 6009 203 142 1.95 1.76 (2009) / AWAK

An Acad Bras Cienc (2015) 87 (2)
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include Eudimorphodon ranzii (MCSNB 2888) and
Bergamodactylus wildi (MPUM 6009). Based on the
points raised above, a new genus is erected for this
species, Arcticodactylus cromptonellus comb. nov.

Lastly, both bones that might be interpreted
as the coracoid are much smaller than the scapula.
Only Austriadraco hasamarked difference between
the length of the scapula relative to the coracoid
and it is possible that the ratio between the length
of these elements of the pectora girdle (e.g., sca/
cor > 1.50) could turn out to be a synapomorphy
uniting Arcticodactylus and Austriadraco as part of
the Austriadraconidae (see below).

Austriadraconidae fam. nov.

ZooBank Life Science Identifier (LSID) -
urn:Isid:zoobank.org:act:5SDE10F05-AB45-4B34-
BO6A-069FDF4045DC

Type genus. Austriadraco gen. nov.

Diagnosis: asfor the genus.

Austriadraco gen. nov.

ZooBank Life Science Identifier (LSID) -
urn:lsid:zoobank.org:act:120B3003-6DE3-41B4-
AF6B-6F242FB2A 777

Etymology: Combination of Austria, the country
where the type species was found and draco, from
the Latin, meaning dragon.

Type species. Austriadraco dallavecchiai, type by
monotypy.

Diagnosis: as for the type and only known species.

Austriadraco dallavecchiai Sp. nov.

ZooBank Life Science Identifier (LSID) -
urn:lsid:zoobank.org:act:6E123721-07EA-419C-
B755-9981CC7D9209

Etymology: The speciesnamehonorsDr. Fabio Marco
DdlaVecchia, for hisstudies on Triassic pterosaurs.

Holotype: Incomplete and disarticulated skeleton
composed of frontal, jugal, both incomplete
mandibular rami, isolated teeth, elements of the
vertebral column (cervical, dorsal and caudal

An Acad Bras Cienc (2015) 87 (2)

vertebrae), ribs, scapulae and coracoids, humeri, first
wing phalanx, pelvis, tibia and fibula. This specimen
is housed at the Bayerische Staatssammlung for
Paléontologie und historische Geologie, Munich,
Germany (BSP 1994 | 51, Fig. 2, Tabs. 1, I1).
Locality and horizon: Trail to the Reither Spitze,
abovetheReither Joch-Alm at about 1600 m height,
western Karwendel-Gebirge, southeast of Seefeld
in Tyrol, Austria; Seefeld Formation (also known
asthe Seefelder Schichten), Late-Norian (Sevatian)
(Wellnhofer 2003).

Diagnosis. This species shows the following
autapomorphies: frontal with short anterior processes,
jugal with small maxillary and nasal processes, and
athin and elongated postorbital process; presence of
an external mandibular fenestra; surangular dorsa
process low; scapula significantly longer than the
coracoid (sca/cor ~ 1.62).

The new species can be further distinguished
from other non-pterodactyloid pterosaurs by
the following combination of characters: broad
coracoid with constricted shaft; deep ischipubic
plate; comparatively large tibia relative to the
humerus (hu/ti < 0.70) and to the first wing phalanx
(phld4/ti - 0.92).

Remarks: This specimen (BSP 1994 1 51) was first
described by Wellnhofer (2003), who regarded it as
Eudimorphodon cf. E. ranzii due to the presence of
multicuspid teeth. This author acknowledged that
some proportions of this material were different
from the ones of FEudimorphodon ranzii and
regarded this specimen as ontogenetically immature
or a subadult individual. This young ontogenetic
status was mainly based on the fact that BSP 1994 |
51 is about 10 to 25% smaller than the holotype of
Eudimorphodon ranzii (MCSNB 2888).

Shortly after, Dalla Vecchia (2003b) noted that
there were many osteological differences between
BSP 1994 | 51 and the holotype of Eudimorphodon
ranzii (MCSNB 2888), and suggested that it
represented a distinct species of that genus.
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Fig. 2 - Austriadraco dallavecchiai (BSP 1994 | 51). (a) Photo and (b) drawing of theright lower jaw. (c) Impression

and (d) drawing of the jugal. (e) Sternum. (f) Cervical vertebrafrom ventral view. See text for abbreviations. Scale
bars: (a-b) - 10 mm, (c-f) - 5 mm.

Some years later, Dalla Vecchia (2009)
provided several comments on BSP 1994 | 51. He
disagreed with Wellnhofer (2003) on the juvenile
status of this specimen due to the fusion of severa

elements, and was the first to identify (in print) the
presence of an external mandibular fenestra. The
occurrence of this unusual and important feature
was later confirmed by Nesbitt and Hone (2010)

An Acad Bras Cienc (2015) 87 (2)
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and Bennett (2013, in press). Dalla Vecchia (2009)
also provided an extensive phylogenetic analysis of
the non-pterodactyloid taxa for al Triassic species
and demonstrated that BSP 1994 | 51 was not
closely related to Eudimorphodon ranzii and might
occupy abasal position within the Pterosauria.

The description of Wellnhofer (2003) of
BSP 1994 | 51 is very extensive, showing several
drawings and illustrations. More recently, Dalla
Vecchia (2014) published several colored pictures
of this specimen and thus its full description is not
necessary here.

This pterosaur skeleton is distributed into five
slabs that were collected on different occasions
(Wellnhofer 2003). Several bones are preserved
as impressions with bits of broken parts,
probably due to the exposure of the material
prior to collection. Although the skeleton
is disarticulated and scattered, there is no
duplication of bones and all elements seem to be
part of the same individual.

So far, only two cranial elements could be
recognized. A flattened bone with two distinct
processes was previously identified as a sternum
(Wellnhofer 2003, Dalla Vecchia 2014), but is
regarded as the fused frontals (pers. observation,
Bennett in press). The lack of a cristospine
and the developed median ridge that marks the
contact between opposite elements corroborate
this reinterpretation. The anterior processes of the
frontals are shorter than in Eudimorphodon ranzii,
and apparently also than that of Bergamodactylus
(MPUM 6009). The notch between them enclosed
the posterior processes of the premaxillae.

Except for asmall bony portion that forms part
of theventral margin of theorbit and the posterior tip
of the quadratojugal process, the jugal is preserved
as an impression. It is a tetraradiate element, with
the maxillary and nasal processes short and forming
a smal angle (~15°). The postorbital process is
thin and long, subequal in length with the ventral
margin of this bone, being therefore proportionally
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longer than in any other pterosaur. Several thin and
flat bones are preserved ventral to the jugal and can
be identified as part of the sclerotic ring.

The most interesting element of BSP 1994
| 51 is the lower jaw. As Nesbitt and Hone
(2010) pointed out, this bone belongs to the
right side and is exposed in lateral view contrary
to the original description (Wellnhofer 2003).
This interpretation is corroborated by several
anatomical observations such as the presence of
foraminae and the slightly rugose texture of the
bone surface, which is characteristic of the |lateral
portion of reptilian dentaries.

The mandibular rami are preserved with the
right one being more complete and both lacking
the symphyseal region. A close examination of
the posterior part of the lower jaw did not revea
the presence of a distinct ossification that could be
referred to as a “coronoid” process. Therefore, the
observed elevation can be interpreted as a dorsa
extension or process of the surangular. Thisis aso
true for the holotypes of Eudimorphodon ranzii
(MCSNB 2888) and Carniadactylus rosenfeldi
(MFSN 1797), and for MPUM 6009 for which
such a structure has been reported (e.g., Wild
1978, Dalla Vecchia 2009, see discussion under
Bergamodactylus). In any case, the surangular
dorsal processis not pointed or developed in BSP
1994 | 51, but rather low and rounded.

The right mandibular ramus clearly shows
an external mandibular fenestra, bordered by the
dentary, surangular and angular. It has an ova
shape and is reduced. The left mandibular ramus
is incomplete and also has the anterior margin of
an opening that looks like the external mandibular
fenestra. However, this opening is significantly
larger thantheoneontheright side. Theanterior part
of this bone is not preserved but left an impression
on the matrix close to the left scapul ocoracoid.

The right lower jaw shows 12 multicuspid
teeth in place and two additional aveoli, totalizing
14 teeth. The preserved portion of the left lower
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jaw only has the last 10 teeth. There are some
differences in the opposite teeth from the left and
right side, which were interpreted by Wellnhofer
(2003) as ontogenetic or individual variation. The
dentary of both sidesis shallow compared to other
Triassic taxa, smilar to that of Carniadactylus
rosenfeldi. In the preserved portion of the mandible
there is athick anteroposteriorly oriented ridge that
isaso observed in Bergamodactylus (MPUM 6009).

Regarding the postcrania skeleton, it is inte-
resting to mention that one cervica vertebra shows
at least one latera opening in the contact region of
the centrum and the neural arch. This opening was
correctly interpreted as a pneumatic foramen by
WelInhofer (2003) and is rather rare in the neck of
other Triassic pterosaur species (Butler et al. 2009).
Pre- and postzygapophysesof the caudal vertebraeare
not el ongated and do not form rod-like structures. The
haemapophyses are long but not to the same degree
asin other long-tailed non-pterodactyloid pterosaurs.
Scapula and coracoid are fused, with the scapula
being a much longer bone. The coracoid is broad
and has an expanded proximal end. On the anterior
margin of the coracoid a developed ridge runs from
the media opposite portion to the ventral margin of
the bone. The articulation of the coracoid with the
sternum is dorsoventrally flattened and only slightly
concave. The coracoid of BSP 1994 | 51 differs
from the more straighter one of Fudimorphodon
ranzii and shows a more constricted shaft compared
to Carniadactlylus rosenfeldi and MPUM 6009
(whichisreferred to anew species Bergamodactylus
wildi, see below). The coracoidal process ( = biceps
tubercle) iswell developed.

Both humeri are preserved, albeit the right
one only as an impression. The deltopectoral crest
is subrectangular and similar to Bergamodactylus
(MPUM 6009), but the medial crest is less
developed. Theleft humerus showsadistinct rugose
oval depression separated from the remaining part
of the deltopectoral crest by a marked diagona
bony ridge. It is not clear if this feature, never

observed in pterosaur humeri before, congtitute a
taphonomic artifact. No evidence of a pneumatic
foramen was observed in both humeri.

The right first wing phalanx is preserved
and has the extensor tendon process fused. The
pelvis shows the ilium, pubis and ischium fused,
being much deeper than in Eudimorphodon ranzii.
The ischium presents a developed process on the
posterior margin. Tibia and fibula are not fused,
with the fibula reaching the distal end of the tibia
and contacting the proximal tarsals. However,
tarsalsare fused with the tibiaforming atibiotarsus.

WelInhofer (2003) considered BSP 1994 | 51 an
immature individual mainly due to the denderness
of some bones, including the jugal and the sternum.
However, the scapula and coracoid are firmly fused,
as is the extensor tendon process of the first wing
phalanx, the pelvic bones (ilium, pubis and ischium),
and the proximal tarsalswith thetibia, suggesting that
this specimen represents an adult individua instead.

The marked differencesin the anatomy observed
in BSP 1994 | 51 judtify the establishment of a new
taxon, designated here as Austriadraco dallavecchiai.

Novialoidea Kellner 2001
Campylognathoididae Kuhn 1967

Bergamodactylus gen. nov.

ZooBank Life Science Identifier (LSID) -
urn:lsid:zoobank.org:act:9EB7F921-85D C-4592-
AE9D-658256BDES9F

Etymology: In allusion to the Bergamo Province, in
Italy and dactylus, from the Greek meaning finger,
acommon epithet for pterosaur species.

Type species. Bergamodactylus wildi, type by
monotypy.
Diagnosis: asfor the type and only species.

Bergamodactylus wildi sp. nov.

ZooBank Life Science Identifier (LSID) -
urn:lsid:zoobank.org:act:D36DA9AD-FC85-
4F85-8882-D8933F7FF1B9
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Fig. 3 - Bergamodactylus wildi (MPUM 6009), main part of the skeleton. Scale bar: 50 mm.

Etymology: The species name honors Dr. Rupert
Wild, who hasdescribed several Triassic pterosaurs,
including MPUM 6009.

Holotype: An amost complete skeleton housed
at the Museo di Paleontologia dell”Universita di
Milano (MPUM 6009, Figs. 3-4, Tabs. I, I1).
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Locality and horizon: Cene, Lombardy, Italy;
Calcari di Zorzino Formation (Upper Alaunian)
(Dalla Vecchia 2009).

Diagnosis:. Campylognathoidid pterosaur  that
shows the following autapomorphies:. gracile
postorbital with elongated frontal process,
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Fig. 4 - The skull of Bergamodactylus wildi (MPUM 6009). (a) Photo. (b) Drawing showing the main cranial
elements with lower teeth in grey. (c) Reconstruction. Scale bar: 10 mm.
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premaxillanot participating in the ventral martin of
the external nares; wing metacarpal 1V small, about
40% and 30% the length of the humerus and ulna,
respectively; femur small, about half the length of
the ulna and the first wing phalanx.

The new species can be further distinguished

from other campylognathoidids by the following
combination of characters: surangular dorsa
process of moderate size (smaler than in
Carniadactylus rosenfeldi but larger than in
Eudimorphodon ranzii); mandibular rami deeper
than in Carniadactylus; pteroid rod-like with a
marked bend, having the proximal part shorter than
in Carniadactylus; lack of enlarged maxillary teeth
on the middle region of the maxillae (unknown
in Carniadactylus); dentition of the lower jaw
extending more posteriorly than in Carniadactylus;
18 and 17 teeth on each side of the upper and lower
jaw, respectively.
Remarks: The holotype of Bergamodactyus wildi
has been described and was illustrated several
times in the literature. The first report of MPUM
6009 was done by Wild (1978) in an extensive
monograph on the Triassic pterosaurs recovered
from Cene (Italy) and most recently by Dalla
Vecchia (2014), who presented several colored
illustrations of this material.

Wild (1978) nicknamed MPUM 6009 as the
‘Milano’ specimen’ and regarded it as a juvenile
of Eudimorphodon ranzii. He observed several
anatomical differences between this materia and
the holotype of Eudimorphodon ranzii (MCSNB
2888), including dissimilaritiesin the dentition, but
interpreted them as a result of its purported young
ontogenetic stage. MPUM 6009 is indeed quite
smaller than the holotype of Eudimorphodon ranzii
with the humerus reaching only about 56% the size
of the latter. However, despite this difference, there
is no indication that MPUM 6009 is a juvenile.
Quite the contrary, size-independent characters
commonly used in pterosaur material to assess
their ontogenetic stage (e.g., Bennett 1993, Kellner
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and Tomida 2000) such as ankylosed scapula and
coracoid (as pointed out by Kellner 2003) and the
extensor tendon process of the first wing phalanx
fused indicate that it represents an adult or "older"
subadult animal at time of death. Despite the
compressed nature of the specimen, there is also
no sign that the carpal elements are unfused, which
has al so been observed by Dalla Vecchia (2009).
Wild (1978) observed several anatomical
differences in the skull and postcranial skeleton of
the holotype of Eudimorphodon ranzii (MCSNB
2888) and MPUM 6009. This included the shorter
skull of MPUM 6009 and amoregracilepostorbital,
particularly the postorbital frontal process that
lacked the dorsal expansion present in the holotype
of  Eudimorphodon ranzii (MCSNB 2888).
Furthermore, Wild (1978) recognized that MPUM
6009 had fewer teeth, with 18 in the upper and 17
in the lower jaw, as opposed to 29 and 28 found
in the holotype of Eudimorphodon ranzii (MCSNB
2888), respectively. He also observed that the
enamel of the teeth of MPUM 6009 was smooth,
differing from the striated condition present in the
teeth of Eudimorphodon ranzii (MCSNB 2888).
As pointed out before, thereisnoindicationin
MPUM 6009 that suggests that it was a juvenile.
Quite the contrary, the fused scapula and coracoid,
elements of the syncarpal and the extensor tendon
process strongly indicate that this specimen
represents an adult individual and therefore the
differences registered above cannot be attributed
to ontogeny. Although it is conceivable that the
skull and lower jaw might indeed get longer in
ontogenetically older individuas (e.g., Manzig et
al. 2014), there is no example in recent animals
that can account for such large variation in number
of teeth. In the bone-bed of one pterodactyloid
pterosaur from Lower Cretaceous deposits
of China, where ontogenetically younger and
older individuals were recovered, the number
of teeth is constant (Wang et al. 2014). In recent
reptiles there might be some changes regarding
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the number of teeth due to ontogeny (Edmund
1969), but not as significant as in these pterosaur
specimens. Furthermore, MPUM 6009 lacks the
two enlarged maxillary teeth below the ascending
(or nasal) process of the maxilla which are present
in Eudimorphodon ranzii (MCSNB 2888). Those
teeth were interpreted by Wild (1978) as a result
of sexual dimorphism, a hypothesis that cannot be
tested on the little number of specimens available.

Another significant difference between MPUM
6009 and Eudimorphodon ranzii (MCSNB 2888) is
the broad posterior part of the juga process of the
maxillag, which is similar to the condition observed
in Campylognathoides (e.g., Wellnhofer 1974), but
differs from the gently tapering process observed
in the holotype of Eudimorphodon ranzii (Wild
1978). Moreover, the nasad does not send a thin
anterior process to form the dorsoanterior margin
of the external nares that is very well developed in
MCSNB 2888 (Wild 1978: fig. 25) and might be an
autapomorphic feature of Eudimorphodon ranzii.
The antorbital fenestra of Fudimorphodon ranzii
(MCSNB 2888) shows the same subtriangular shape
than that of MPUM 6009, although being higher, with
the dorsa margin surpassing that of the externd naris.

Regarding the postcranial skeleton, the main
differences observed by Wild (1978) were seen in
the pteroid, which is rod-like in MPUM 6009 and
lacks the marked proximal expansion observed in
the holotype of Eudimorphodon ranzii (MCSNB
2888). To my knowledge, no pterosaur species
shows such marked differences in the configuration
of the pteroid from ontogenetically younger (or
smaller) to older (or larger) individuas (eg.,
Wellnhofer 19753, b, c).

Wild (1978) also observed that the humerus of
MPUM 6009 ismore gracile compared to the one of
Eudimorphodon ranzii (MCSNB 2888), adifference
aso regarded as an ontogenetic feature. When both
are put in the same scale, the deltopectoral crest of
MPUM 6009 extends less down the shaft than in
the holotype of Eudimorphodon ranzii (MCSNB

2888). Although the variation in the humeri of
younger and older pterosaur individuals is till not
known in detail, particularly in non-pterodactyloid
pterosaurs, a similar change in morphology was
observed comparing two humeri of very different
sizes of one toothless pterodactyloid species
(Manzig et al. 2014), in which onewas onethird the
length of the other. However, when humeri about
half the size are compared, thereis no difference at
all (Manzig et al. 2014: fig. 6a).

In the redescription of " Eudimorphodon
rosenfeldi, DallaVecchia (2009) placed this species
into a new genus (Carniadactylus) and referred
MPUM 6009 to this taxon. Dalla Vecchia (2009)
agreed with the observation of Kellner (2003) that
MPUM 6009 was not a juvenile, having several
bones fused, abeit being much smaller (see
comments below). Unfortunately, the holotype
of Carniadactylus rosenfeldi (MFSN 1797) lacks
most of the anterior region of the skull, which
limits comparisons.

Among the features used by Dalla Vecchia
(2009) to unite MPUM 6009 with Carniadactylus
rosenfeldi, is the presence of a similar shaped
surangular (= “coronoid”) dorsal process (Fig. 5).
In any case, a surangular dorsal process is indeed
present in Eudimorphodon ranzii (MCSNB 2888,
abeit located more anteriorly), MPUM 6009
and Carniadactylus rosenfeldi (MFSN 1797).
Although more developed in the latter, the slope
of the posterior margin of the surangular dorsal
process in MPUM 6009 and Carniadactylus
rosenfeldi (MFSN 1797) is more pronounced than
in the holotype of Eudimorphodon ranzii (MCSNB
2888), a feature shared by those taxa. But, as has
been noted by Dalla Vecchia (2009), the dentition
in MPUM 6009 does extend posteriorly and is
closer to the surangular dorsal process compared
to Carniadactylus rosenfeldi (MFSN 1797). Since
there is no evidence of any tooth in this region in
MFSN 1797, this difference does not seem to be an
artifact of preservation.
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Another differenceis observed in the mandibular
rami which according to the reconstruction of
Dalla Vecchia (2009) is less deep in the holotype
of Carniadactylus rosenfeldi (MFSN 1797) than in
MPUM 6009.

Regarding the postcranial skeleton, Dalla
Vecchia (2009) pointed out that the coracoid
of MPUM 6009 and Carniadactylus rosenfeldi
(MFSN 1797) were flat and broad. This author also
pointed out the similarities of the pteroid in both
specimens that are rod-like and bended. In MPUM
6009 however, the proximal part before the bend is
proportionally shorter.

There are also differences in the humerus, with
Carniadactylus rosenfeldi (MFSN 1797) having
the deltopectoral crest comparatively less extended
down the humerus shaft. This is not expected
in individuals of similar ontogenetic stages (see
Manzig et al. 2014 and discussion above).

The proportions of the lengths of severa
postcranial elements (Tabs. I, 1), with the ratios of
MPUM 6009 substantialy different from the holotype
of Carniadactylus rosenfeldi (MFSN 1797) and being
actually more similar to Raeticodactylus (see tables
in Ddla Vecchia 2009), also strike as being quite
distinct between these two specimens. Overdl, the
femur in MPUM 6009 is much smaller relative to the
humers, ulna and the first wing phalanx. The same is
true for the metacarpal, which is aso proportionally
shorter relative to severad bones in MPUM 6009
compared to other Triassic pterosaurs, including
the holotype of Carniadactylus rosenfeldi (MFSN
1797). Although in MPUM 6009 and MFSN 1797
the length of the phalanges of the wing finger follow
a unigue pattern among Triassic pterosaurs, with
ph1d4>ph3d4>ph2d4, proportionsbetweenindividua
phaanges do not revea any particular pattern. Most
interestingly, phld4 is larger than ph2d4, which is
rather derived within pterosaurs (e.g., Kellner 2003),
but differs from many Triassic and Jurassic speciesin
which these bones are either of the same size or ph2d4
isdightly larger. The ratio between ph3d4 and ph1d4
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of both specimens aso differ from most other Triassic
and Jurassic taxa, where ph3d4 islarger than phld4.

As pointed out by Dala Vecchia (2009),
MFSN 1797 has severad bones fused, like the
scapula and coracoid, the proximal carpa
elements, and the extensor tendon process of the
first wing phalanx. Fibula and tibia might also
be fused. The sole potentia indications that the
individual represented by MFSN 1797 might not
have reached a full ontogenetic maturity at time of
death lies on the unfused distal syncarpals (formed
by three elements, Dalla Vecchia 2009) and the
presence of anarrow region with a slightly distinct
texture between the proximal tarsals and the tibia,
indicating that they might not have completely
fused despite being otherwise strongly connected.

Regarding the ontogenetic stage of MPUM
6009, this individual has basicaly the same
fused elements as observed in the holotype of
Carniadactylus rosenfeldi (MFSN 1797): scapula
and coracoid, proximal carpal series and the
extensor tendon process of the first wing phalanx.
The distal portion of the tibia and tarsal elements
are not preserved in MPUM 6009. MPUM 6009
has a developed and ossified sternum that is also
the case of MFSN 1797. There is no feature that
suggests that both specimens represent individuals
of very distinct (if at al) ontogenetic stages (see
Discussion). Yet regarding size, the maximized
wingspan (maxws sensu Kellner et a. 2013) of
MPUM 6009 is around 465 mm and therefore
considerably smaller than the holotype of
Carniadactylus rosenfeldi (maxws - 770 mm).

The differencesin anatomical featuresand size
between the holotype of Carniadactylus rosenfeldi
(MFSN 1797) and MPUM 6009, combined with
the developed ontogenetic stage of the latter,
indicate that both specimens are not conspecific.
Therefore, the taxon Bergamodactylus wildi is
erected for MPUM 6009. It should al so be noted that
Carniadactylus rosenfeldi comes from a distinct
formation, the Dolomia di Forni Formation, that
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Fig. 5 - Comparison of the lower jaws of Triassic pterosaurs. (a) Eudimorphodon ranzii (MCSNB 2888, based on Wild 1978).
(b) Bergamodactylus wildi (MPUM 6009). (c) Carniadactylus rosenfeldi (MFSN 1797, based on Dalla Vecchia 2009). (d)

Austriadraco dallavecchiai (BSP 1994 | 51). Scale bars: 10 mm.

outcrops in the Friuli region and is slightly older
than the Calcari di Zorzino Formation (see Dalla
Vecchia 2003a: fig. 1).

DISCUSSION

An adequate evaluation of the anatomical dif-
is a difficult
challenge. Besides the usua variation in anatomy
due to intrinsic characteristics of organisms
(e.g., individual variations, ontogeny, sexual
dimorphism, pathology) and ecological factors
(e.g., availability of food, climate), fossils have
another fundamental set of processes influencing
morphology that are imposed by taphonomy. The
nature of thefossil record that dictatesageneral low
number of specimens preserved in different grades

ferences concerning taxonomy

of incompleteness, further introduces distortions
of variable effects and causes. As expected, these
circumstances have influenced pterosaur taxonomy
(see commentsin Kellner 2010).

Apart from taphonomic biases, which should
always be taken into account among the severa
factors that affect anatomy, one of the recurrent
concerns for paleontologists is how to distinguish
anatomical differences resulting from ontogeny
from those that show taxonomic value. This
aspect has been a conspicuous source of debate
regarding the taxonomy of Triassic pterosaurs
(e.g., Wild 1978, Kellner 2003, Wellnhofer 2003,
Dalla Vecchia 2003a, 2009). There are only a few
ontogenetic studies addressing the Pterosauria
(e.0., Wellnhofer 19754, b, ¢, Bennett 1993, 1995,

An Acad Bras Cienc (2015) 87 (2)



684 ALEXANDERW.A. KELLNER

Kellner and Tomida2000, Wang et a. 2014, Manzig
et a. 2014), which are hampered by the lack of
populations than can be confidently assigned to
the same species (Kellner et al. 2013). To make
matters more complicated, pterosaur anatomy is so
distinctive that controversy arises on how modern
analogs can be used to shed more light on the
ontogeny of those volant reptiles (e.g., Wild 1978,
Padian 1983, Saydo 2003, Chinsamy et al. 2008).

In any case, fusion of bones has been regarded
as one effective way to determine ontogenetic
stages among pterosaurs. The problem, however, is
that most distinctionsarelimited to three categories:
juveniles, subadults and adults. Although the
extremes are easily recognized, ontogenetic
variation of subadults and even the distinctions
of ‘old subadults’ from adults have proved to
be difficult and controversial. Furthermore, the
category of subadults has been applied rather
loosely and therefore revealed to have little utility
in pterosaur taxonomy.

Although some authors have tried to provide
a general notion of which bones tend to fuse
earlier than others (e.g., Kellner and Tomida
2000), there is a general lack of refinement
regarding the ontogenetic fusion sequence in
pterosaurs. Aware of the complexity related with
this issue that includes the likelihood of species
and groups of species developing distinct
ontogenetic paths, here | show a preliminary
attempt to provide an ontogenetic refinement
within the Pterosauria that might also be
applicable at least to their closer relatives.

It has been observed that severa bones or
complex of bones tend to fuse in adult pterosaur
specimens. Regarding the skull, there is atendency
of most elements to fuse completely during
ontogeny somehow similar to what happens in
birds, but perhaps at aslower pace. The sameistrue
for the lower jaw, where the suture of the posterior
bones (e.g., angular, surangular) are closed in
ontogenetically more developed individuals.

An Acad Bras Cienc (2015) 87 (2)

Concerning the postcranial skeleton, the
following elements have been observed to fuse in
pterosaurs. vertebral centrum and neural arches,
dorsal vertebrae forming anotarium (with adistinct
number of elements), sacral vertebrae (also with a
different number of elements), scapulaand coracoid,
two epiphyses at the distal portion of the humerus,
one epiphyseal plate at the proximal articulation
of the ulna, the elements of the proximal carpals
series (two), the elements of the distal carpal series
(up to four), the extensor tendon process of the
first wing phalanx, pelvic elements (ilium, pubis
and ischium), opposite prepubia, pelvic elements
with the sacrum, fibula with tibia, proximal tarsals
(calcaneum and astragalus), and the proximal
tarsals with tibia (forming a tibiotarsus). Based on
several observations of the fusion of these bones
done on non-pterodactyloids (e.g., Wellnhofer
19753, b, ¢, Bennett 1995, Dalla Vecchia 20033,
2009, Wang et a. 2010) and pterodactyloids (e.g.,
Bennett 1993, 1996, Kellner and Tomida 2000), a
preliminary classification of six ontogenetic states
(OS) is proposed and discussed below. It should
be noted that the current knowledge on growth
variation within the Pterosauria does not allow
the establishment of a complete sequence of all
postcranial elements that fuse during growth.

OSL1 - dl bones or complex of bones unfused,
ossification of some elements like the sternum
and the articulations of some long bones (ulna,
radius, wing phalanges, tibia) present, but not fully
developed. Thisisthe condition of hatchlings.

OS2 - all bones ossified although the degree of
ossification might vary, with all long bones having
their articular ends molded. The texture of the
external bone surface isimmature, showing pits and
small struts of bones. OS2 represents the condition
of juveniles. It should be noted that in most derived
pterosaurs and in some non-pterodactyloids, the
dentaries (and likely al cranial elements) are aso
unfused. However, in some non-pterodactyloids, the
dentaries do not fuse even in adult individuals such
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as in the holotype of Eudimorphodon ranzii. In this
respect, the fusion of the dentaries show both, an
ontogenetic condition (for most pterosaurs) andalsoa
phylogenetic signal (for some non-pterodactyloids),
athough the latter needs further investigation.

OS3 - fused sacrd vertebrae, followed by fusion
of thecarpa elements, with thedistal carpa elements
fusing earlier than the ones of the proximal series.

O - scapulaand coracoid are fused, followed
by the pubis and ischium that form a puboischiadic
plate. The ilium, however, is not fused with the
remaining elements of the pelvic girdle at this
ontogenetic stage.

OS5 - ilium fused with the puboischiadic plate
and the extensor tendon process fused with the
wing phalanx.

OS6- all bones or complex of bones are fused.
The epiphyses of the humerus are among the last
bonesto fuse, with the larger distal epiphysea plate
fusing before the smaller ventrodistal epiphysis.
Furthermore, the epiphysea plate of the proximal
articulation of the ulna is among the last bones to
fuse. At this stage, ontogenetic maturity has been
reached and specimens can be considered full
adults from the ontogenetic point of view.

It should be noted that even when pterosaurs
reach OS6, this does not mean that ossification stops.
One specimen of an anhanguerid pterodactyloid
(Kellner et al. 2013) has al bones fused and
histological thin sections show a developed external
fundamental system suggesting that growth had
essentially ceased or was occurring at avery low rate
when thisanimal died. However, the neural spines of
some dorsal vertebrae that form the notarium were
still in the process of being totally connected.

In several pterosaurs (non-pterodactyloids
and pterodactyloids alike) opposite puboischiadic
plates fuse and form a ventral pelvic symphysis.
It is not clear if the lack of this fusion could be
related to sexual dimorphism since an open pelvic
symphysis at the ventral portion would allow some
aperture of the pelvis during oviposition.

Considering the classification above, the
holotype of Arcticodactylus cromptonellus (MGUH
VP 3393) and Eudimorphodon ranzii (MCSNB
2888) represent ontogenetic extremes, OS2 and
0SB, respectively. Nevertheless, the anatomical
differences are substantial and Jenkins et al. (2001)
were correct in raising a new species for MGUH
VP 3393, a decision that had not been questioned
in the literature and therefore will not be further
discussed here.

The holotype of Carniadactylus rosenfeldi
(MFSN 1797) aso has severa bones fused,
including the extensor tendon process of the first
wing phalanx and therefore has reached at least
OS5. Itisnot easy to be sureif the epiphyseal bones
of ulnaand humerus are also fused, the main reason
precluding the assignment of MFSN 1797 to OS6.
In addition, the proximal tarsals are not completely
fused with the tibia, although the fusion process
had already taken place (Dalla Vecchia 2009).

Based on the same reasons, the holotypes
of Bergamodactylus wildi (MPUM 6009) and
Austriadraco dallavecchiai (BSP 1994 | 51) have
aso reached at least OS5, which is supported
particularly by the fused extensor tendon process.
Moreover, BSP 1994 | 51 hastheilium fused to the
puboischiadic plate (not visible in MPUM 6009),
which is here regarded as another indicator of this
ontogenetic stage.

The holotypes of Carniadactylus rosenfeldi
(MFSN 1797), Austriadraco dallavecchiai (BSP
1994 | 51) and Bergamodactylus wildi (MPUM
6009) clearly represent individuals of the same or
very similar ontogenetic age. Therefore, the several
anatomical differences cannot be considered as a
result of ontogeny.

Concerning BSP 1994 | 51, there seems little
doubt that this specimen represents a new species
(e.g., DalaVecchia 2009), but the taxonomic status
of MPUM 6009 is more problematic. Wild (1978)
and Dalla Vecchia (2009) have each referred this
specimen to distinct previously known species.
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As has been pointed out, Wild (1978) regarded all
differences between MPUM 6009 and holotype
of FEudimorphodon ranzii (MCSNB 2888) as
ontogenetic, which is dismissed here and was also
rejected, at least in part, by some authors (e.g.,
Kellner 2003, Dalla Vecchia 2009).

Although concluding that MPUM 6009 was
not a "very immature individual", Dalla Vecchia
(2009) regarded this specimen to represent
Carniadactylus rosenfeldi. Indeed, there are some
anatomical similarities between MPUM 6009 and
the holotype of Carniadactylus rosenfeldi (MFSN
1797), as has been acknowledged here, but there
are also significant differences, some observed by
Dalla Vecchia (2009) as well. Among the most
conspicuous one, is the position of the last tooth
of the lower jaw, more posterior located in MPUM
6009. Dalla Vecchia (2009) suspected that this
difference might be taphonomic, a hypothesis
to which | have found no support during close
examination of MFSN 1797.

Other differences include the proportions of
bones that were dismissed as possible individual
variations (Dalla Vecchia 2009). However, some of
the bone ratios are quite distinct, such as the ratio of
the wing metacarpa 1V relative to the humerus and
to the ulna, and the ratios of the femur relative to the
ulna and to the first wing phalanx. If these differences
aredueto individual variation then perhapstheratios
of bones might not show any taxonomic signal at all,
aview that is not advocated here.

Furthermore, the significant size difference
between these two specimens of the same
ontogenetic stage must be emphasized, with the
maximized wingspan of MPUM 6009 being around
60% the maxws of the holotype of Carniadactylus
rosenfeldi (MFSN 1797). Theoretically, it might be
possiblethat MFSN 1797 wasagiant or that MPUM
6009 was a dwarf of a same species that lived (or
died) in distinct islands during the Triassic times
(as paleogeographic reconstructions have shown,
see Dalla Vecchia 2014). However, in my opinion,

An Acad Bras Cienc (2015) 87 (2)

the anatomical differences argue against these
interpretations. The holotype of Bergamodactylus
wildi (MPUM 6009) has two of the main qualities
to be recognized as a new species (see Kellner
2010): differences in anatomy and provenance
from adistinct stratigraphic layer.

There has been an interesting discussion in the
literature regarding the so-called “typological” versus
“redlistic” approach to taxonomy of fossils (eg.,
Bennett 1996), in which the main question resides
on how anatomical differences should be evaluated.
The key arguments for the “redistic” approach isthe
fact that in nature several anatomical variations are
observed in recent populations and they should be
expected to be found in the fossil record as well.
Granted that this could be the case, in my opinion
the only way that one could confidently address
this issue is having specimens that make part of the
sameor at least similar populationsat hand. Thiscan
only happen with the discovery of bone-beds with
complete (or nearly complete) material. So far, only
three of such pterosaur accumulations have been
discovered (Chiappe et a. 1998, Wang et a. 2014,
Manzig et al. 2014), and the development of specific
studieson thismateria (e.g., paleohistology, detailed
ontogenetic analyses) might provide an opportunity
to better address thisissue.

Lastly, a fragment of a lower jaw that was
tentatively referred to  Eudimorphodon might
represent the oldest pterosaur known so far and is
currently under study (Andres and Myers 2013).
By examining the published pictures of this
material (Murry 1986: figs. 9.5H) it is unlikely that
this specimen could be conclusively referred to this
genus and probabl e represents a new taxon, further
increasing the Triassic pterosaur diversity.

CONCLUSION

SomespecimensassignedtothegenusEudimorphon
and to the species Eudimorphodon ranzii have
been reviewed, and based on significant anatomical
differences assigned to new taxa Arcticodactylus
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cromptonellus ~ (comb.  nov.),  Austriadraco
dallavecchiai (gen. et sp. nov.) and Bergamodactylus
wildi (gen. et sp. nov.). An analysis of pterosaur
ontogeny leads to the recognition of distinct
ontogenetic stages (OS), leading to the definition
of six classes (OS1-OS6). Based on these, the
holotype of Arcticodactylus cromptonellus (MGUH
VP 3393) belongs to OS2, but the conspicuous
anatomical differencesdistinguishesit from all other
basal pterosaurs. The holotypes of Austriadraco
dallavecchiai (BSP 1994 | 51) and Bergamodactylus
wildi (MPUM 6009) represent individuals that have
reached at least OS5, the same ontogenetic stage as
the holotype of Carniadactylus rosenfeldi (MFSN
1797), and therefore the anatomical differences
observed between them cannot be explained by
ontogeny. In addition, Bergamodactylus wildi is
significantly smaller than Carniadactylus rosenfeldi
with the maxws of the holotype (MPUM 6009)
around 60% that of Carniadactylus rosenfeldi
(MFSN 1797). Although it ishypothetically possible
that these specimens found in distinct idands of
the Triassic and of equal ontogenetic stages might
represent extremes of growth of the same species
(sexual dimorphisms being excluded), the significant
anatomical differences, which include substantial
variation in the proportions of some bones, argue
against this interpretation and suggest that they
belong to distinct species. Granted that more
specimens and a better refinement of ontogenetic age
based on osteol ogical maturity isparamount to better
understand the significance of anatomical differences
within the Pterosauria, the results presented here
show that the diversity of those volant reptiles in
the Late Triassic is greater than previously thought,
pushing the origins of this clade back to at least to
the Middle Triassic.
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RESUMO

Eudimorphodon ranzii foi 0o primeiro pterossauro
descrito do Tridssico e, baseado na ocorréncia
de dentes multicuspidados, diversos exemplares
foram referidos a esse tdxon. Uma vez que essa
caracteristica dentéria foi observada em diversos outros
pterossauros, a revisdo de alguns espécimes referidos
a Eudimorphodon revelou que estes representam 0s
seguintes novos taxons. Arcticodactylus cromptonellus
(comb. nov.), Austriadraco dallavecchiai (gen. et
Sp. nov.) e Bergamodactylus wildi (gen. et sp. nov.).
Uma andlise preliminar da ontogenia de pterossauros
levou a identificacdo de seis classes ontogenéticas
(OS1-6). De acordo com essa classificagdo, o holdtipo
de Arcticodactylus cromptonellus atingiu o estagio
0S2. Mesmo levando em conta a marcada diferenca
ontogenética entre esse espécime e 0s demais, as
diferencas anatdbmicas o excluem de Eudimorphodon.
Os holétipos de Austriadraco dallavecchiai Berga-
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modactylus wildi e Carniadactylus rosenfeldi atingiram
a0 menos o estagio OS5, demonstrando que asdiferencas
anatémicas observadas ndo podem ser explicadas pela
ontogenia. Ademais, Bergamodactylus wildi atinge
aproximadamente 60% da abertura alar maximizada
de Carniadactylus rosenfeldi e corrobora com a nogédo
de que essas espécies encontradas em distintas ilhas
existentes durante o Tridssico ndo eram conspecificas. O
presente estudo aumenta a diversidade de pterossauros
tridssicos e indica que a origem do clado teria ocorrido
no Triassico Médio.

Palavr as-chave: Pterosauria, Ontogenia, Eudimorphodon,

Arcticodactylus, Austriadraco, Bergamodactylus.
REFERENCES

ANDRES B AND MYERS TS. 2013. Lone Star Pterosaurs. Earth
Environmental Scientific Transaction Royal Society
Edinburgh 103: 383-398.

BARRETT PM, BUTLER RJ, EDWARDS NP AND MILNER AR.
2008. Pterosaur distribution in time and space: an atlas.
Zitteliana B28: 61-107.

BENNETT SC. 1993. The ontogeny in Pteranodon and other
pterosaurs. Paleobiology 19(1): 92-106.

BENNETT SC. 1995. A dtatistical study of Rhamphorhynchus
from the Solnhofen Limestone of Germany: Year-classes
of asingle large species. J Paleont 69: 569-580.

BENNETT SC. 1996. Year-classes of pterosaurs from the
Solnhofen limestones of Germany: taxonomic and
systematic implications. J Vert Paleont 16: 432-444.

BENNETT SC. 2013. A Rebuttal to Neshitt & Hone's "An
externa mandibular fenestra and other archosauriform
characters in basal pterosaurs'. In: Saydo JM, Costa FR,
Bantim RAM and Kellner AWA (Eds), Rio Ptero 2013,
p. 19-22.

BENNETT SC. In press. An external mandibular fenestra and
other archosauriform characters. Hist Biol.

BUTLER RJ, BARRETT PM AND GoOwerR DJ. 2009.
Postcranial skeletal pneumacity and air-sacs in the
earliest pterosaurs. Biol Lett 5: 557-560. doi: 10.1098/
rsbl.2009.0139.

CHIAPPE LM, RIVAROLA D, ROMERO E, DAVILA S AND
CODORNIU L. 1998. Recent Advancesin the Paleontol ogy
of the Lower Cretaceous Lagarcito Formation (Parque
Nacional Sierra de Las Quijadas, San Luis, Argentina).
In: Lucas SG, Kirkland JL and Estep JW (Eds), Lower
and Middle Cretaceous Terrestrial Ecosystems, New
Mexico: Museum of Natural History and Science
Bulletin 14:187-192.

CHINSAMY A, CODORNIU L AND CHIAPPE L. 2008.
Developmental growth patterns of the filter-feeder
pterosaur, Pterodaustro guinazui. Biol Lett 4: 282-285.

An Acad Bras Cienc (2015) 87 (2)

DALLAVECCHIA FM. 1995. A new pterosaur (Reptilia, Pterosauria)
from the Norian (Late Triassic) of Friuli (North Eastern Itdy).
Preliminary note. Gortania. Atti Mus Friul St Nat 16: 59-66.

DALLA VECCHIA FM. 2003a. New morphological observations
on Triassic pterosaurs. In: Buffetaut E and Mazin JM
(Eds), Evolution and Palaeobiology of Pterosaurs. Geol
Soc London, Spec Publ 217: 23-43.

DALLA VECCHIA FM. 2003b. A review of the Triassic pterosaur
record. Riv Mus Civ Sci Nat “E. Caffi” Bergamo 22: 12-29.

DALLA VECCHIA FM. 2009. Anatomy and systematics of
the pterosaur Carniadactylus gen. n. rosenfeldi (Dalla
Vecchia, 1995). Riv It Paleont Strat 115(2):159-188.

DALLA VECCHIA FM. 2014. Gli pterosauri triassici. Memorie
del Museo Friulano di Storia Naturale, pubblicazione n.
54, 319 p., 266 figs, Museo Friulano di Storia Naturale,
Udine. (In Italian).

EDMUND AG. 1969. Dentition. In: Gans C, Bel-Lairs AD’A
and Parsons N (Eds), Biology of the Reptilia. Academic
Press 1: 117-200.

JENKINSJIRFA, SHUBINNH, GATESY SM AND PADIAN K. 2001. A
diminutive pterosaur (Pterosauria: Eudimorphodontidae)
from the Greenlandic Triassic. Bull Mus Comp Zool
156(1): 51-170.

KELLNERAWA. 2001. New hypothesisof Pterosaur Phylogeny.
In: Barros LM, Nuvens PC and FilgueiraJBM (Eds), | ell
Simpdsios sobre a Bacia do Araripe e bacias interiores do
Nordeste, Comunicagoes. Crato, p. 249-258.

KELLNER AWA. 2003. Pterosaur phylogeny and comments
on the evolutionary history of the group. In: Buffetaut E
and Mazin JM (Eds), Evolution and Palaeobiology of
Pterosaurs. Geol Soc London, Spec Publ 217: 105-137.

KELLNER AWA. 2010. Comments on the Pteranodontidae
(Pterosauria, Pterodactyloidea) with the description of
two new species. An Acad Bras Cienc 82: 1063-1084.

KELLNER AWA, CamPOS DA, SayAo JM, SARAIVA AAF,
RODRIGUES T, OLIVEIRA G, CRUZ LA, CosTA FR, SiLvA
HP AND FERREIRA JS. 2013. The largest flying reptile
from Gondwana: a new specimen of Tropeognathus cf.
T. mesembrinus \Wellnhofer, 1987 (Pterodactyloidea,
Anhangueridae) and other large pterosaurs from the
Romualdo Formation, Lower Cretaceous, Brazil. An Acad
Bras Cienc 85: 113-135.

KELLNER AWA AND TOMIDA Y. 2000. Description of a new
species of Anhangueridae (Pterodactyloidea) with
comments on the pterosaur fauna from the Santana
Formation (Aptian-Albian), North eastern Brazil. Nat Sci
Museum Monog 17: 1-135.

MANzIG PC, KELLNER AWA, WEINSCHUTZ LC, FRAGOSO CE,
VEGA CS, GUIMARAES GB, Goboy LC, LICCARDO A,
RICETTI JHZ AND MOURA CC. 2014. Discovery of arare
pterosaur bone bed in a Cretaceous Desert with insights
on ontogeny and behavior of flying reptiles. Plos One
9(8): €100005 (doi:10.1371/journal .pone.01000005).

MURRY PA. 1986. Vertebrate paleontology of the Dockum
Group, western Texas and eastern New Mexico. In:
Padian K (Ed), The Beginning of the Age of Dinosaurs,
p. 109-137. Cambridge, UK: Cambridge University Press.



TRISSIC PTEROSAURS ONTOGENY NEW TAXA 689

NESBITT SJAND HONE DWE. 2010. An external mandibular
fenestraand other archosauriform character statesin basal
pterosaurs. Palaeodiversity 3: 225-233.

PADIAN K. 1983. A functional analysis of flying and walking in
pterosaurs. Paleobiology 9: 218-239.

SAYAo JM. 2003. Histovariability in bones of two
pterodactyloid pterosaurs from the Santana Formation,
Araripe Basin, Brazil: preliminary results. In: Buffetaut
E and Mazin J-M (Eds), Evolution and Palaeobiology of
Pterosaurs. Geol Soc London, Spec Publ 217: 335-342.

WANG X, KELLNER AWA, JANG S, CHENG X, MENG X
AND RODRIGUES T. 2010. New long-tailed pterosaurs
(Wukongopteridae) from western Liaoning, China. An
Acad Bras Cienc 82: 1045-1062.

WANG XL ETAL. 2014. Sexually Dimorphic Tridimensionally
Preserved Pterosaurs and Their Eggs from China. Curr
Biol 24(12): 1323-1330 (doi 10.1016/j.cub.2014.04.054).

WELLNHOFER P.  1974.  Campylognathoides  liasicus
(Quenstedt) an Upper Liassic pterosaur from Holzmaden -
the Pittsburgh specimen. Ann Carnegie Museum 45: 5-34.

WELLNHOFER P. 1975a Die Rhamphorhynchoidea (Ptero-
sauria) der Oberjura-Plattenkalke Siiddeutschlands. Teil
I: Allgemaine Skelettmorphologie. Palacontographica A
148: 1-33.

WELLNHOFER P. 1975b. Die Rhamphorhynchoidea (Ptero-
sauria) der Oberjura-Plattenkalke Stiddeutschlands. Teil
Il: Systematische Beschereibung. Palaeontographica A
148: 132-186.

WELLNHOFER P. 1975c. Die Rhamphorhynchoidea (Ptero-
sauria) der Oberjura-Plattenkalke Siiddeutschlands. Teil 111:
Paltkologie und Stammesgeschichte. Palaeontographica A
149: 1-30.

WELLNHOFER P. 2003. A Late Triassic pterosaur from the
Northern Calcareous Alps (Tyrol, Austria). In: Buffetaut
E and Mazin JM (Eds), Evolution and Palaeobiology of
Pterosaurs, Geol Soc London, Spec Publ 217: 5-22.

WiLD R. 1978. Die Flugsaurier (Reptilia, Pterosauria) aus der
Oberen Trias von Cene bel Bergamo, Italien. Boll Soc
Paleont It 17(2): 176-256.

WILD R. 1994. A juvenile specimen of Eudimorphodon ranzii
Zambelli (Reptilia, Pterosauria) from the Upper Triassic
(Norian) of Bergamo. Riv Mus Civ Sci Nat “E Caffi”
Bergamo 16: 91-115.

ZAMBELLI R. 1973. Eudimorphodon ranzii gen. nov., sp.
Nov., a pterosaur Triassic. Rend Sci Instit Lombardo
107: 27-32.

An Acad Bras Cienc (2015) 87 (2)






